A novel Gram-staining-positive, non-endospore-forming, aerobic bacterium, designated strain SJ5-4 T , was isolated from seau-jeot, a traditional food that is made by fermentation of highly salted [approximately 25 % (w/v)] shrimp in Korea. Cells were moderately halophilic, non-motile cocci or short rods that showed catalase-and oxidase-positive reactions. Growth of strain SJ5-4
16S rRNA gene sequence similarities of 93.1-94.8 %. However, phylogenetic inference based on 16S rRNA gene sequences showed that strain T formed a phyletic lineage distinct from members of the genus Nesterenkonia within the family Micrococcaceae. On the basis of its phenotypic and molecular features, strain SJ5-4 T represents a novel genus and species of the family Micrococcaceae, for which the name Garicola koreensis gen. nov., sp. nov. is proposed. The type strain of Garicola koreensis is SJ5-4 T (5KACC 16909 T 5JCM 18572 T 5DSM 28238 T ).
Genera of the family Micrococcaceae form a clear-cut phylogenetic cluster within the order Actinomycetales and display a rather coherent set of chemotaxonomic characteristics (Schumann et al., 2009) . All genera are, for instance, characterized by a peptidoglycan cross-linked according to the A-type (Schleifer & Kandler, 1972) that is based on the diagnostic diamino acid lysine. The genus Nesterenkonia belonging to the family Micrococcaceae, proposed by Stackebrandt et al. (1995) , comprises Gram-typepositive, non-endospore-forming, aerobic, halotolerant or halophilic actinobacteria with relatively high DNA G+C contents (64-72 mol%) that contain peptidoglycan of the A4a type (Stackebrandt et al., 1995; Collins et al., 2002; Li et al., 2004 Li et al., , 2005 Li et al., , 2008 Delgado et al., 2006; Luo et al., 2008; Govender et al., 2013) . Therefore, it was very surprising that the peptidoglycan of a phylogenetic relative of the genus Nesterenkonia isolated from highly saline fermented seafood turned out to contain 2,4-diaminobutyric acid (Dab). Dab is commonly found in some members of the family Microbacteriaceae that show peptidoglycans cross-liked via D-glutamic acid at position 2 of the peptide subunit, the socalled B-type of cross-linkage (Schleifer & Kandler, 1972) . However, there was already an earlier report of an isolate Ar 22 affiliated to the genus Arthrobacter that displayed an Atype peptidoglycan based on Dab (Fiedler & Kandler, 1973) . Although the peptidoglycan structure of this isolate was elucidated in detail (Fiedler & Kandler, 1973) , Arthrobacter sp. Ar 22 had never been deposited in a public culture collection and was lost, according to our investigations. The isolation of a Dab-containing member of the family Micrococcaceae after approximately 40 years provides the opportunity to characterize the organism by a polyphasic approach, to analyse its unusual peptidoglycan and to propose a new genus and species for the accommodation of the novel organism. 25 % (w/v)], which supports the growth of diverse microorganisms Lee et al., 2014) including many halophilic or halotolerant bacteria (Guan et al., 2011; Choi et al., 2013; Jeong et al., 2013) . A previously described procedure with some modifications (Choi et al., 2013) was applied for its isolation. Briefly, a saeu-jeot sample was serially diluted with artificial seawater (ASW; 20 g NaCl, 2.9 g MgSO 4 , 4.53 g MgCl 2 . 6H 2 O, 0.64 g KCl and 1.75 g CaCl 2 . 2H 2 O per litre), spread on marine agar 2216 (MA; BD) supplemented with an additional 3 % (w/v) NaCl and incubated at 25 u C for 3 days. PCR amplifications of the 16S rRNA genes of colonies grown on agar plates were performed using universal primers F1 (59-AGAGTTTGA-TCMTGGCTCAG-39) and R13 (59-TACGGYTACCTTGT-TACGACTT-39) as described previously (Lu et al., 2006) . The PCR amplicons were double-digested with a mixture of HaeIII and HhaI and analysed on 2.5 % MetaPhore agarose (BioWhittaker) gels with a 100 bp ladder (Bioneer), from which fragment patterns were used as a guide to classify the colonies. PCR products with distinct restriction fragment patterns were partially sequenced using the F1 primer and the resulting 16S rRNA gene sequences were compared with those of type strains from the EzTaxon server 2.1 (http:// eztaxon-e.ezbiocloud.net/; Kim et al., 2012) The PCR amplicon of the 16S rRNA gene from strain T was ligated into the T vector using a TOPO cloning kit (SolGent) according to the instructions of the manufacturer. The inserted 16S rRNA gene was sequenced with the M13 reverse and T7 primers of the T vector. The resulting almost full-length 16S rRNA gene sequence (1459 nt) of strain SJ5-4 T was checked manually for sequence quality evaluations. Similarities of 16S rRNA gene sequences between strain SJ5-4 T and related taxa were obtained using the Nucleotide Similarity Search program at EzTaxon-e and their 16S rRNA gene sequences were aligned using the fast, secondary-structure-aware Infernal aligner in the Ribosomal Database Project (Nawrocki & Eddy, 2007) . Phylogenetic trees with bootstrap values using the neighbourjoining and maximum-parsimony algorithms were reconstructed by using the PHYLIP software version 3.68 (Felsenstein, 2002 T formed a phyletic lineage distinct from members of the genus Nesterenkonia within the family Micrococcaceae (Fig. 1) . The phylogenetic trees reconstructed using the maximum-likelihood and maximum-parsimony algorithms also showed that strain SJ5-4 T formed a phyletic lineage distinct from members of the genus Nesterenkonia.
Growth of strain T was examined in MB containing 0-20 % (w/v) NaCl (at 1 % intervals) prepared in the laboratory according to the BD formula. Growth of strain SJ5-4
T was tested on Luria-Bertani (LB) agar, nutrient agar (NA, BD), R2A agar (BD), tryptic soy agar (TSA; BD) and MA prepared in the laboratory to be approximately 6 % (w/v) NaCl at 30 u C. Growth of strain SJ5-4 T was assessed in MB (BD) supplemented with an additional 4 % NaCl at 0-40 u C (at 5 u C intervals) and pH 5.0-10.0 (at 0.5 pH unit intervals). Media at different pH were prepared using appropriate biological buffers; Na 2 HPO 4 /NaH 2 PO 4 and Na 2 CO 3 /NaHCO 3 were used for below pH 8.0 and pH 8.0-10.0, respectively (Gomori, 1955) . The pH was verified after sterilization (121 u C, 15 min) and adjusted again when necessary. Gram staining was carried out using the bioMérieux Gram stain kit according to the manufacturer's instructions. Cell morphology and the presence of flagella and motility were investigated under phasecontrast microscopy and transmission electron microscopy (JEM-1010; JEOL) using cells grown to the exponential phase, as described previously (Jeon et al., 2004; Bernardet et al., 2002) . Catalase activity was assessed by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution and oxidase activity was evaluated by oxidation of 1 % (w/v) tetramethyl p-phenylenediamine (Merck) (Smibert & Krieg, 1994) . The nitrate reduction test was performed according to the method of Lányi (1987) . Anaerobic growth was tested on MA supplemented with an additional 4 % NaCl under anaerobic conditions generated by the GasPak Plus system (BBL) at 30 uC for 20 days. Antibiotic susceptibilities were tested on MA supplemented with an additional 4 % NaCl by the disc-diffusion method using 6 mm filter-paper discs (Whatman) containing the following antibiotics (mg per disc unless stated otherwise): ampicillin (10), chloramphenicol (100), kanamycin (30), lincomycin (15), oleandomycin (15), penicillin G (20 U), streptomycin (50) and tetracycline (30).
The following properties of strain T and the four reference strains were tested in parallel, but cells were incubated at the optimal growth temperature of each strain. Hydrolysis of Tweens 20 and 80, casein, starch and tyrosine was investigated on MA (BD) supplemented with an additional 4 % NaCl according to methods described previously (Lányi, 1987; Smibert & Krieg, 1994) . Acid production from carbon sources (D-galactose, D-glucose, lactose, D-mannose and xylose) was determined as described by Leifson (1963) . Utilization of substrates as single sources of carbon and energy was assessed as described previously in marine minimal medium (Isnansetyo & Kamei, 2003) containing 6 % NaCl and 1 % (v/v) of each substrate (D-glucose, L-arabinose, D-fructose, D-mannose, glycerol, sucrose, xylose, D-galactose, lactose, D-mannitol and Dsorbitol). Additional enzyme activities, biochemical characteristics and oxidation of carbon sources of strain SJ5-4 T and the reference strains were determined by using API kits (API ZYM and API 20E; bioMérieux) and the GN2 MicroPlate system (Biolog) according to the manufacturers' instructions, except that inocula were prepared by resuspending cells in ASW containing 6 % NaCl.
Strain T grew well on MA supplemented with an additional 4 % NaCl, but growth was not observed on LB agar, NA, R2A agar or TSA containing 6 % NaCl. Anaerobic growth was not observed after 20 days at 30 u C on MA supplemented with an additional 4 % NaCl. Cells were Gram-staining-positive, non-endosporeforming, non-motile cocci or short rods, 0.5-0.7 mm wide and 0.5-0.9 mm long (Fig. S1 , available in the online Supplementary Material). Strain SJ5-4
T was resistant to ampicillin, lincomycin, kanamycin and streptomycin, but sensitive to chloramphenicol, oleandomycin, penicillin G and tetracycline. Additional physiological and biochemical characteristics of strain SJ5-4 T are included in the species description and compared with those of type strains of closely related species in Tables 1 and S1 .
Isoprenoid quinones of strain SJ5-4 T were analysed using an HPLC (model LC-20A; Shimadzu) equipped with a diode array detector (SPD-M20A; Shimadzu) and a reversed-phase column (25064.6 mm, Kromasil; Akzo Nobel) as described previously (Komagata & Suzuki, 1987) . For analysis of cellular fatty acids, strain SJ5-4 T and the reference strains were cultivated in MB supplemented with an additional 4 % NaCl at 30 u C and cells were harvested from the same exponential growth phase (OD 600 50.8). Cellular fatty acids were saponified, methylated and extracted using the standard MIDI protocol and fatty acid methyl esters were analysed by GC (Hewlett Packard 6890) and identified by using the TSBA6 database of the Microbial Identification System (Sherlock version 6.0B; Sasser, 1990) . The DNA G+C content of strain SJ5- SJ5-4 T and N. suensis DSM 22748 T were extracted and analysed by two-dimensional TLC using cells harvested during the exponential growth phase as described by Minnikin et al. (1977) . The following reagents were used to detect different polar lipids: 10 % ethanolic molybdatophosphoric acid (for total polar lipids), a-naphthol/sulfuric acid (glycolipids), ninhydrin (aminolipids) and the Dittmer-Lester reagent (phospholipids).
Peptidoglycan of strain SJ5-4
T was obtained after disruption of cells by shaking with glass beads and subsequent trypsin digestion according to published protocols (Schumann, 2011) . In order to purify the peptidoglycan from contaminating polymers linked via phosphodiester bonds (e.g. teichoic acids), the isolation procedure was supplemented by a hydrogen fluoride treatment (protocol 8 of Schumann, 2011) . Amino acids and peptides in the cell-wall hydrolysate were analysed by two-dimensional ascending TLC on cellulose plates by using previously described solvent systems (Schleifer, 1985) . The N-terminal amino acid of the interpeptide bridge was detected by dinitrophenylation as described by Schleifer (1985) . The molar ratio of amino acids was determined by GC-MS (320 Singlequad instrument; Varian) of N-heptafluorobutyryl amino acid isobutyl esters (Schumann, 2011) . N-Pentafluoropropionyl amino acid isopropyl esters were prepared and subjected to chiral GC using a CP-ChiraSil-L-Val column (Agilent Technologies; CP7495) as described by Schumann (2011 
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Strain SJ5-4 T contained menaquinones MK-7 (19.0 %), MK-8 (47.3 %) and MK-9 (33.7 %) as the major isoprenoid quinones, which is generally in accordance with those of species of the genus Nesterenkonia (Mota et al., 1997; Luo et al., 2008; Govender et al., 2013) . The major cellular fatty acids (.5.0 % of the total fatty acids) of strain SJ5-4 T were anteiso-C 15 : 0 (51.1 %), iso-C 15 : 0 (14.9 %), anteiso-C 17 : 0 (11.4 %), iso-C 16 : 0 (10.4 %) and C 16 : 0 (6.5 %). The overall fatty acid profile of strain SJ5-4
T was similar to those of the reference strains, but the absence of iso-C 16 : 1 G and anteiso-C 17 : 1 A and considerable differences in the respective proportions of some components such as iso-C 15 : 0 might distinguish strain T from members of the genus Nesterenkonia (Table 2 ). The DNA G+C content of strain SJ5-4 T was 61.8 mol%, which was slightly lower than those of closely related members of the genus Nesterenkonia (Table 1 ). The major polar lipids detected in strain SJ5-4 T were phosphatidylglycerol, diphosphatidylglycerol and one unidentified glycolipid (Fig. S2) . Phosphatidylinositol, two further unidentified glycolipids, one unidentified phospholipid and one unidentified lipid were also present as minor components. The presence of phosphatidylglycerol, diphosphatidylglycerol, an unknown glycolipid and phosphatidylinositol in strain SJ5-4 T was in good agreement with the profiles of the reference type strains of other species of the genus Nesterenkonia, although there were some differences in the overall polar lipid profiles (Fig. S2) .
The hydrolysate (4 M HCl, 100 u C, 16 h) of the purified peptidoglycan of strain T contained the amino acids alanine, diaminobutyric acid, aspartic acid, glutamic acid and lysine in a molar ratio of approximately 1.5 : 0.8 : 1.7 : 2.4 : 1.0. All amino acids were identified by two-dimensional TLC, GC and characteristic MS fragment ions of their N-heptafluorobutyryl amino acid isobutyl esters. As leucine, isoleucine and other amino acids that occur in proteins but are not constituents of peptidoglycan were absent (Schleifer & Kandler, 1972) , the preparation appeared to be free of contaminating proteins. GC of N-pentafluoropropionyl amino acid isopropyl esters on a chiral column revealed the presence of the following amino acid isomers: 1.0 L-Lys, 0.5 L-Dab, 2.6 D-Glu, 0.5 L-Glu, 0.1 D-Asp, 1.5 L-Asp, 0.7 L-Ala and 0.2 D-Ala. Dinitrophenylation indicated the Nterminal amino acids Lys and Dab. A second ether-soluble dinitrophenylated component could not be identified, but differed from dinitrophenyl derivatives of Glu, Asp and Ala in chromatographic behaviour and mass spectrum. The peptide L-Ala-D-Glu, which is typically found in peptidoglycans cross-linked according to the A-type (Schleifer & Kandler, 1972) , was detected in the partial hydrolysate of the peptidoglycan (4 M HCl, 100 u C, 0.75 h). Strain SJ5-4 T can be differentiated from all known members of the order Micrococcales in the presence of Dab in the peptidoglycan. Its peptidoglycan is different from that of Arthrobacter sp. Ar 22 in the presence of Lys and the absence of Gly (Fiedler & Kandler, 1973) . Although a peptidoglycan structure cannot be concluded from the available data, the relatively small amount of Dab and the occurrence of N-terminal Lys and Dab might support the view that strain SJ5-4 T displays the type A4a, like members of the related genus Nesterenkonia, but with a partial substitution of Lys by Dab. However, the position of Asp in the peptidoglycan cannot be explained.
Because of the occurrence of Dab in the peptidoglycan, some differences in cellular fatty acids and the relatively low 16S rRNA gene sequence similarities to its closest phylogenetic neighbour N. aethiopica and to the type species N. halobia, we refrain from affiliating the new isolate to the genus Nesterenkonia but suggest instead accommodation of strain T in a new genus and species, for which we propose the name Garicola koreensis gen. nov., sp. nov.
Description of Garicola gen. nov.
Gram-staining-positive. Non-encapsulated. Endospores are not formed. Chemo-organotrophic. Catalase-and oxidasepositive. Moderately halophilic. Mesophilic under aerobic conditions. MK-7, MK-8 and MK-9 are detected as the respiratory quinones. The major cellular fatty acids (.5 % of the total fatty acids) are anteiso-C 15 : 0 , iso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 and C 16 : 0 . The major polar lipids are phosphatidylglycerol, diphosphatidylglycerol and an unidentified glycolipid. Phosphatidylinositol is also detected as a minor component. The cell-wall peptidoglycan contains lysine, 2,4-diaminobutyric acid, alanine, glutamic acid and aspartic acid. The DNA G+C content of the type strain of the type species is 61.8 mol%. Based In addition to the characteristics given in the genus description, this species has the following properties. Colonies are circular, convex, smooth, entire and cream-coloured. Cells are strictly aerobic, non-endospore-forming, non-motile cocci or short rods. Growth occurs at 15-40 u C (optimum, 30 u C), at pH 6.0-9.5 (optimum, pH 6.5-7.0) and in the presence of 1-17 % (w/v) NaCl (optimum, 6 %). Nitrate is not reduced. The type strain is SJ5-4 T (5KACC 16909 T 5JCM 18572 T 5 DSM 28238 T ), isolated from seau-jeot (fermented salted shrimp), a traditional fermented seafood in Korea.
